Background/Aims: The purpose of this study was to compare maternal and neonatal outcomes in Korean women with type 2 diabetes and nondiabetic controls.
INTRODUCTION
It has been predicted that by 2030 more than 360 million people will have diabetes mellitus [1] . Type 2 diabetes is the most common form of diabetes in women, and its prevalence in this group is continuing to rise [2, 3] . Between 1999 and 2005 in the USA, the age-and race/ ethnicity-adjusted prevalence for pre-existing diabetes in pregnancies rose from 0.81% to 1.82% [4] . The interaction between ethnicity and pre-existing diabetes mellitus has also been shown to affect pregnancy outcomes, and Asian populations tend to be affected more than other ethnicities [5] .
Women with pregestational diabetes have been reported to have worse maternal and neonatal outcomes compared to nondiabetic controls [6] . Stamler et al. [7] showed that women with type 2 diabetes were more likely to have infections during pregnancy than women without diabetes. Indeed, the occurrence of almost all types of infections is increased in diabetic pregnancies
The Korean Journal of Internal Medicine Vol. 33, No. 6, November 2018 [7] . Common infections include candida vulvovaginitis, urinary infections, respiratory tract infections, and puerperal pelvic infections. Stamler at al. [7] reported that the rate of infection was five times higher in a group of pregnant women with diabetes compared to nondiabetic pregnant women. Type 2 diabetes during pregnancy has been associated with a higher risk for adverse outcomes including stillbirth, perinatal mortality, congenital anomaly, macrosomia, shoulder dystocia at delivery, and the need for a caesarean section (C/S) [6, [8] [9] [10] . Specifically, type 2 diabetes is associated with hyperglycemia and diabetes-related vascular complications, both of which affect the health of the mother and fetus.
Therefore, the aim of this study was to compare maternal and neonatal outcomes in Korean women with type 2 diabetes to nondiabetic controls.
METHODS
This was a case-control study to investigate maternal and neonatal outcomes of women with type 2 diabetes who were admitted to the delivery ward in Cheil General Hospital & Women's Healthcare Center for the birth of their baby from 2003 to 2010. The outcomes were compared to nondiabetic women who delivered during the same time period. Participants were matched by age, pre-pregnancy weight, body mass index (BMI), parity, and gestational age at delivery.
We performed a complete enumeration of 775 pregnancies in 150 women with pregestational type 2 diabetes mellitus and 625 nondiabetic controls using medical records from 2003 to 2010 at Cheil General Hospital & Women's Healthcare Center, Korea. The criteria for inclusion in the study were Korean women with a singleton pregnancy. Nondiabetic women had a 1 hour plasma glucose < 130 mg/dL after a 50 g glucose challenge test. Subjects selected were 100 women with type 2 diabetes and 100 nondiabetic controls matched by age, pre-pregnancy weight, BMI, parity, and gestational age at delivery.
We compared the maternal characteristics as well as maternal and neonatal outcomes between the two groups. Women with gestational diabetes were excluded from our study. This study was approved by the Ethics Committee of the Institutional Review Board (CGH-IRB-2011-32) of Cheil General Hospital & Women's Healthcare Center, Seoul, Korea.
Outcome measures
Miscarriage was defined as the spontaneous ending of pregnancy before 20 weeks. Due to the increased risks associated with twin pregnancy, pregnancy and perinatal morbidity analyses were performed only in singleton pregnancies. Preterm delivery was defined as delivery before 37 weeks. For singleton infants, large for gestational age (LGA) was defined as a birth weight ≥ 90th percentile and small for gestational age (SGA) as a birth weight ≤ 10th percentile. Respiratory distress syndrome was defined as a breathing disorder that affected newborns and meconium aspiration syndrome was defined as a respiratory distress that developed shortly after birth, with radiographic evidence of aspiration pneumonia and the presence of meconium-stained amniotic fluid. Asphyxia was defined as the state of not being able to breathe. Jaundice was defined as a yellowish or greenish pigmentation of the skin and whites of the eyes due to high bilirubin levels [11] . Hypocalcemia was defined as the presence of low serum calcium levels in the blood (total serum Ca < 7 mg/dL). Hypoglycemia was defined as a reduction in blood sugar below normal levels (glucose < 35 mg/dL). Cranial injury was defined as a history or physical signs of blunt trauma to the scalp, skull, or brain, and clavicle fracture was defined as a broken collarbone in a newborn baby that was just delivered. Macrosomia was defined as birth weight greater than 4,000 g regardless of gestational age. Major congenital malformations were classified according to the European Surveillance of Congenital Anomalies (EUROCAT) system [12] . Participants were classified as having type 2 diabetes or not according to their status before pregnancy. Maternal pre-pregnancy height and weight were obtained by a self-reported questionnaire.
Statistical analysis
Statistical analysis was performed with SPSS version 21.0 (IBM Co., Armonk, NY, USA). Analyses were performed using chi-square or Fisher exact tests for categorical variables, and independent t tests for continuous variables. A p < 0.05 was considered statistically significant. 
RESULTS
A total of 100 pairs of type 2 diabetic and nondiabetic pregnant women (200 women total) matched by age, pre-pregnancy weight, BMI, parity, and gestational age at delivery were compared. Maternal characteristics and glycated hemoglobin (HbA1c) data are shown in Table 1 . Details of the pregnancies and neonatal outcomes for the 200 singleton pregnancies are shown in Tables 2 and 3 .
Demographics and HbA1c
There were no significant differences between women with type 2 diabetes and nondiabetic controls in terms of maternal age (33.8 ± 4.5 years vs. 33.7 ± 3.7 years, p = 0.877), gestational age at delivery (38.7 ± 1.6 weeks vs. 38.7 ± 2.4 weeks, p = 0.894), pregestational weight (62.0 ± 12.1 kg vs. 62.8 ± 10.2 kg, p = 0.624), parity (primipara: 52% vs. 50%, p = 0.777; multipara: 48% vs. 50%, p = 0.777), and pregestational BMI (24.1 ± 4.0 kg/m 2 vs. 24.2 ± 3.8 kg/m 2 , p = 0.803). Women with type 2 diabetes were more likely to have a family history of diabetes (78.0% vs. 21.0%, p < 0.001). In women with type 2 diabetes, their 1st trimester HbA1c was higher than their 2nd trimester HbA1c (Table 1) .
Maternal outcomes
We investigated maternal outcomes for the 200 pregnancies (Table 2 ). There were no miscarriages in any of the women with type 2 diabetes or the nondiabetic controls. Also, there were no terminations of pregnancy in either women with type 2 diabetes or nondiabetic controls.
Women with type 2 diabetes had a higher risk of primary C/S (35.0% vs. 18.0%, p = 0.006). Pre-eclampsia was also more common in women with type 2 diabetes compared to nondiabetic controls (10.0% vs. 2.0%, p = 0.017). There were also significant differences between women with type 2 diabetes and nondiabetic controls in terms of infections during pregnancy (26.0% vs. 2.0%, p < 0.001). There was no significant difference between women with type 2 diabetes and nondiabetic controls in terms of preterm delivery (9.0% vs. 10.0%, p = 0.809). 
Neonatal outcomes
Babies born to women with type 2 diabetes were more likely to be heavier (3,370 ± 552.0 kg vs. 3,196 ± 543.3 kg, p = 0.025). There were significant differences between women with type 2 diabetes and nondiabetic controls in terms of LGA babies (22.0% vs. 9.0%, p = 0.011), and macrosomic infants (15.0% vs. 5.0%, p = 0.018). However, there were no significant differences between women with type 2 diabetes and nondiabetic controls in terms of SGA babies (7.0% vs. 5.0%, p = 0.552). There were no significant differences between women with type 2 diabetes and nondiabetic controls in Apgar score at 1 and 5 minutes (8.0 ± 1.0 vs. 8.2 ± 0.8, p = 0.059; 9.0 ± 0.7 vs. 9.0 ± 0.7, p = 0.487). There were also no significant differences between women with type 2 diabetes and nondiabetic controls in terms of infants with respiratory distress (40.0% vs. 28.0%, p = 0.073) or jaundice (33.0% vs. 21.0%, p = 0.056). There were two cases (2.0%) of caudal regression syndrome among infants of women with type 2 diabetes and no congenital malformations in infants of the nondiabetic controls. There were no significant differences between women with type 2 diabetes and nondiabetic controls in terms of neonatal intensive care unit admission (14.0% vs. 13.0%, p = 0.836) ( Table 3 ).
DISCUSSION
We found that maternal and neonatal outcomes in women with type 2 diabetes were worse than those of women without diabetes, especially in terms of the need for a primary C/S, pre-eclampsia, infections during pregnancy, neonatal weight, LGA, and macrosomia.
A previous study showed that women with type 2 diabetes are at greater risk for developing preeclampsia, preterm labor, intrauterine growth restriction, in utero fetal demise, fetal congenital anomalies, macrosomia, shoulder dystocia, and the need for a cesarean delivery [8] [9] [10] . We observed a significant difference in the rate of primary cesarean section between women with type 2 diabetes and women without diabetes. These data are in accordance with a previous study that showed that women with pre-existing diabetes mellitus had a significantly greater rate of primary cesarean section compared to nondiabetic controls [10, 13, 14] . Knight et al. [15] also reported that women with type 2 diabetes were more likely to deliver via cesarean section than women without diabetes.
Consistent with our results, Knight et al. [15] showed that women with type 2 diabetes were more likely to have LGA and macrosomic infants than women without diabetes. Macrosomic infants are more often delivered by cesarean section because of failed progress in labor or in order to prevent shoulder dystocia [13, 14, 16] . In an- other study, macrosomic infants experienced more frequent birth trauma and shoulder dystocia, higher death rates, and lower Apgar scores [17] . This finding suggests that more intensive prenatal care is needed to improve glycemic control and perinatal outcomes in patients with type 2 diabetes. One possible method is continuous glucose monitoring (CGM) during pregnancy, as randomized clinical trials using CGM during pregnancy demonstrated improved glycemic control and reduced frequency of LGA infants in women with type 1 and type 2 diabetes [18] . Preliminary studies indicate that diabetes mellitus delays maturation of the lecithin/sphingomyelin ratio (L/S ratio) [19] . In normal pregnancies, the L/S ratio correlates with gestational age. In the pregnancies of diabetic women, this correlation is low, and fetal lung maturation may be delayed [20] . The association between glycemic control and congenital malformations has been consistently documented [21, 22] . Therefore, maternal glucose is considered to be an important factor and diabetic patients should be encouraged to optimize glucose control. We found no significant difference in the rates of congenital malformation between the two groups; however, this study did not have a large enough sample size to show such differences between the two groups.
In summary, we found that Korean women with type 2 diabetes had worse maternal and neonatal outcomes compared to women without diabetes, especially in terms of primary C/S, pre-eclampsia, infections in pregnancy, neonatal weight, LGA, and macrosomia. It may be difficult to generalize these findings since the data were collected at a single center. Future multicenter studies with larger samples of type 2 diabetic and nondiabetic women are necessary to validate these results. LGA ≥ 90th percentile 9 (9.0) 22 ( Values are presented as mean ± SD or number (%). The p values represent overall differences across groups as determined by t test for continuous variables and Pearson chi-square test for categorical variables.
LGA, large for gestational age; SGA, small for gestational age; RDS, respiratory distress syndrome; MAS, meconium aspiration syndrome; NICU, neonatal intensive care unit. a Fisher exact test.
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The results of this study show the need for hospital and regional participation to recruit a larger cohort necessary for precise investigation of pregnancy outcomes in Korean women. This will improve our ability to counsel and manage these patients, properly direct them to helpful resources, and identify chances for improving their care in order to optimize maternal and neonatal outcomes.
